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Abstract
In this paper the author tries to answer the following questions: what is the influence of taxes applied by
the state to firms upon the labour market and can the labour market evolution offer a prediction
perspective over the economy’s evolution and the cyclicality of its depression and boom periods?
Answers are offered by using an agent based modelling approach: running different scenarios in a
specially created NetLogo agent based model (ABM). This ABM has real data input and uses a method
coined by Romanian Academy researchers for evaluating if economical cyclicality can be predicted by
this AMB’s results.
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Introduction
In the past few years perhaps excessive state and private spending and consumption lead to what
happens today in the EU for example: Greece might exit the European Monetary Union, fact
that can put an end to the euro and even to the European Union by the diminishment of
confidence in these two entities, and the European Central Bank announced its plan to write 1
trillion euros in order to help commercial banks from the European markets from going
bankrupt, measure that might seem one of good intentions, but let’s remember Germany’s last
century hyperinflation experience, what lead it there and most important what got it out of there.
From what we pictured above the author chose to extract in this paper two areas of interest: that
of taxes, which are one of the income sources of most states’ economies, and that of the labour
market, because from here one can see what happens in an economical system in its whole
(economy, population, education and culture, politics and beliefs, environment etc.).
Ciutacu and Micu1 say that mainly because of the expansion of the means of communication
(internet, mass media, cloud computing etc., all of these have a big influence in the economic
area as well), almost everything in today’s world is much more complex and relative than before
and part of an extremely fine, complex and interdependent network which includes everything
from the environment, people, all kinds of firms and organizations, economies, countries etc.
The complexity and interdependence of this network is one of the reasons for which in this
1
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paper we chose to use the approach complex systems and to be more exact that of agent based
modelling (ABM). An ABM approach can surprise better the fluid nature of human behaviour
and the system’s actors’ ability to modify their previous habits as an answer to the situation’s
new opportunities or constraints. This methodology is integrative, because in it we have more
agents, each one with their own subjectivities, perspectives and perceptions that interact and
evolve qualitatively and simultaneously with the structure of the interactions and with what the
agents change one with the other. Still, the ABM approach can't illustrate the infinite
complexity of the world, but it offers its users a finer and more profound understanding of it.

A Short Description of ABMs and NetLogo
Agent based models are usually computerized simulations of artificial worlds that model reality
and have structures as diverse and complete as needed. The interactions in ABMs are made
between different types of agents (economic or of other types of virtually created entities,
depending on the piece of reality that is being modelled) by using predefined rules (that give
these agents their characteristics as well) set by the creator of the agent based model. Because
ABMs allow their agents to behave according to past experiences and to their current situation,
this approach can handle nonlinear behaviour in a wider range that previous conventional
models can and allow policy makers, for example, to simulate and explore quantitative and
qualitative consequences of different policy scenarios upon simplified artificial models of
reality (e.g. an economies, environments, experiments etc.). ABMs are already used by policy
makers from various domains (Biology, Epidemiology, Demographics, Economics etc.), while
in Economics, according to Lengnick2, one of the biggest and best examples is the EURACE
project, which models the European economy.
Since their creation, ABM have had many computer programs in which their rules were written
into programming code, some of there were or still are very complex and sophisticated (like the
ones designed in the Matlab, Eclipse or R consoles) and some are more user friendly, like the
one we will focus on: NetLogo.
NetLogo was built in 1999 by Uri Wilensky3 and developed until today at the Center for
Connected Learning and Computer-Based Modeling of the Northwestern University. The
programing language for creating NetLogo ABMs is the successor of multi-agent modelling
languages like StarLogo or StarLogoT and can run as a standalone application on the Java
virtual machine of computers that use different platforms (Mackintosh, Windows, Linux etc.).
For creating a NetLogo ABM, it's creator uses a special programming language for defining an
environment for simulating natural and social phenomena by using four type of entities or
agents: turtles (mobile agents that give the ABM its dynamics), patches (static agents are the
successor of cellular automata type ABMs), links (connect two or more turtles and set parentchild or peer-peer relationships between the agents and can be used as triggers for different
phenomena modelled in the ABM) and the observer (helps the designer see better the world he
creates by focusing on a particular agent for example, and is the agent that “tells” the other
agents in the ABM the rules by which they must function). These agents can act in the ABM
according to predefined rules and instructions and can be part of populations that can number up
to thousands and operate independently in artificial 2D or 3D worlds that can be shaped as a
quadrilateral, cylinder or torus. Thus, NetLogo allows its users to explore the connection
between the micro-level behaviour of individuals and the macro-level patterns that emerge from
their interactions.
2
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The ABM
The ABM used in this research is inspired by the one presented by Micu and Ciutacu4 at the
IECS 2015 Conference in Sibiu. The author chose to model in this paper a somewhat utopic
experiment and this is because in reality world one can’t find a perfectly closed economy. Thus,
our ABM is a closed economy, inhabited as well by five breeds of turtles: men, firms, their
branches (we’ll further call them B-firms) and their products (we’ll further call them apples) and
products that are grown by nature (we’ll further call them plants). The author chose to model
not only the goods produced by firms, but those that “grow spontaneously” in nature as well,
because in this way interesting phenomena, like that of we call grey economy if we see it from
the government perspective, or self-consumption, if we see it for example from the farmer’s
perspective or that of the traveller that simply has a sip of water from a river in the mountains
he’s exploring, might appear. The topology of our virtual NetLogo world is that of a torus of 81
* 81 patches, each patch having 5 pixels. The time in our ABM is measured in ticks, one tick
lasting the time it takes a man to move from a patch to one of the eight ones near to it. The
firms, their branches and products are connected by two breeds of directed links, thus we will
know which turtle is the “parent” of the new one and like this the firms will connect to their
branches by a certain type of link, while the firms and branches will be connected with the
apples they produce by a different type of link. The currency of this world is energy, firstly
because we can consider energy is the sum of the resources a man, a firm or a product has when
it is created in our ABM, and secondly because according to what scientists believe today,
energy isn't wasted on Earth, it only changes it's' shape and state and therefore we can easily
consider that money is and economy’s energy.
The rules our artificial closed economy ABM is run with are the following:
The men:
o
o

o

o
o

o
o

4

are the only NetLogo turtles of our ABM that move and for every 1 tick long and 1 patch
big step each of them makes, it loses 1 unit of energy.
with every new push of the setup button (that resets the entire ABM) the man shaped turtles
appear on the surface of the world in the number indicated by the slider initial-number-men,
having an initial energy of 50 units, the colour grey, the size 3 and a random position in the
NetLogo world.
can produce an offspring when the probability for this is favourable, meaning that the
random number from 1 to 100 chosen by the computer is smaller than the value indicated by
the slider men-reproduce, their level of energy is higher than 30 units and their age is bigger
than 10. The newly created man is has the same characteristics the agent that created it had
when it was born, except the colour, which is green, because in the first 5 ticks of life a man
can’t be employed.
gain energy in the amount indicated by the slider:
men-gain-from-food when they encounter and eat an apple produced by a firm or a B-firm,
but lose the energy indicated by the slider firms-income-per-product, because they buy that
apple and thus pay a price to the firm or the B-firm that produced it. When the apple is
eaten, that particular turtle shaped apple dies and thus disappears from the interface of out
ABM.
men-gain-from-work when they find in their way a firm or B-firm, because they get a 1 tick
lasting job and the value of the slider indicates the wage level from the market.
can’t get a job if their age is less than 3 ticks and die when they are left out of energy.
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The firms:
o

o
o

o

o

o

have an initial amount of energy equal to the value indicated by the slider firms-initialenergy, a random position that is set by the computer that runs the model and is fixed during
the entire simulation, the size 4 and the NetLogo shape building store.
appear in the number indicated by the slider initial-number-firms and can create their own
branches, named B-firms, and can produce goods, named apples.
if their energy level is bigger than the value indicated by the slider firms-need-energy-forproducts, the probability is favourable for producing apples and if the number of apples on
the market is lower than twice the number of men in that moment, they can produce apples
in the amount indicated by the slider firms-no-of-products. The probability for producing
apples is favourable if the random number chosen by the computer between 1 and 100 is
bigger than the value indicated by the slider firms-produce.
use the amount of energy indicated by the slider firms-cost-per-product for generating each
product that the firm is allowed to produce and their remaining energy has to respect the
following formula: Energy T-1 = Energy T – (firms-cost-per-product * firms-no-of-products)
when producing apples
receive the price of each apple that is consumed by the men in the form of energy and in the
value indicated by the slider firms-income-per-product. The mechanism by which the firms
or B-firms receive the price of their products is possible thanks to the directed links that
connect the firms to their apples.
loose the value in energy of their apples that disappear from our NetLogo world for not
being consumed, in the amount indicated by the slider loss-out-of-apple-death. Apples
disappear from the ABM or die if they aren’t consumed in number of ticks indicated by the
slider apples-perishability.

The B-firms:
o

o

o

o
o
o

o

when the computer chooses randomly a number from 1 to 100 that is bigger than the value
of the slider firms-odds-for-B-firms, the energy had at that point is bigger than the value of
the slider firms-need-energy-for-B-firms, the firm can create a new branch, B-firm, that is
connected to it by a directed link.
their creation in the NetLogo world makes the firm loose the value indicated by the slider
firms-cost-of-B-firm by following this formula: Energy T-1 = Energy T – (firms-cost-of-Bfirm + B-firm-initial-energy)
as do the new born men, the newly created branch has the same features as its “mother”
firm, but an initial energy set by the slider B-firm-initial-energy. Thus, the B-firm acts just
like a normal firm when it hires men and produces apples, but it has to give its mother firm a
percent of its earnings with the value indicated by the slider firms-gain-from-B-firm, at
every tick, following these formulas:
for producing apples: Energy received by firm from B-firm = (B-firm-energy + firmsincome-per-product) * firms-gain-from-B-firm)
for hiring men: Energy received by firm from B-firm = (B-firm-energy + firms-gain-frommen-working - firms-cost-for-labour) * firms-gain-from-B-firm)
it goes bankrupt and exits the market the moment it's left out of energy (energy = 0) and in
this moment it makes its mother firm loose the energy indicated by the slider loss-out-of-Bfirm-death.
before setting the inputs for the simulation, the ABM’s user can choose if the firms produce
or not B-firms by switching on or off the switch button named show-B-firms.

Hiring men (firm or B-firm procedure):
o

in the moment a firm or a B-firm hires a man, because the man encountered the firm by
walking around the NetLogo world, it receives energy in the amount indicated by the slider
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o

firms-gain-from-men-working, and this happens because in real life a firm has to have a
productivity boost with every new employee it has.
when hiring a man, the firm or B-firm not only gains energy, but it also spends energy in the
amount indicated by the slider firms-cost-for-labour because all employees must be paid a
salary and this is a cost for every firm. The programing code for this slider is written in
order to respect the following rule: firms-cost-for-labour < firms-income-per-product.

Exiting a market (firm or B-firm procedure): A firm exists the NetLogo market (it disappears
from this virtual world) if it has less than 110 units of energy, but if its branches still have
energy; they remain on the market as firms of their own. For the B-firms the energy level for
exiting the market is smaller, thus they disappear from world when their energy level that is
smaller than 30 energy units.
Rules for taxes: Both firms and B-firms pay at every tick interval set by the slider firmspayment-period a rent plus taxes for their producing and selling activities, in the amounts set by
the sliders firms_rent+taxes and B-firms_rent+taxes.
Scenarios reproducibility: in order to ensure the reproducibility of our scenarios, we added
some programming code that allows us to select a seed number which is an integer in the range 2147483648 to 2147483647. The seed number and a particular algorithm is used by the
computer to calculate all the random numbers NetLogo uses during a simulation.

The Inputs for the ABM, the Scenarios and their Results
For our model we chose Romania and will use the data in the table below in order to experiment
our scenarios and try to answer the following questions:
o
o

what is the influence of taxes applied by the state to firms upon the labour market?
can the labour market evolution offer a prediction perspective over the economy’s evolution
and the cyclicality of its depression and boom periods?

For this we will define three scenarios: one with the seed number -8, one in which we have the
seed number -1 and the taxes in the table below, and another one in which we have the seed
number 17 and the taxes decrease with 10% of their value and another in which the taxes
increase with 10% of their value. We chose three different seed numbers, because the way this
ABM is constructed the change in taxation didn’t bring any change in the results we follow by
this simulations, and the closest seed numbers to -1 that had eligible results were -8 and 17.
The interval at which the firms pay the taxes is of 28 ticks, which is the equivalent of 1 month.
These scenarios will be run for 2800 ticks; the data from them being sent to a .csv file every 140
ticks. That’s the equivalent of a period of 10 years and respectively of 5 months. The data sent
to the .csv file will contain the number of apples, the value of an apple so that by multiplying
them we can calculate our NetLogo’s growth domestic product (GDP), the number of firms and
that of the B-firms, the population, the employed and underage men, values that will help us
calculate the unemployed and after this the marginal productivity of the employed.
The marginal productivity of the employed is a concept coined by Dinga and Baltaretu5 of the
Romanian Academy in 2014. This concept shows a connection between the evolution of the
GDP and that of the labour market and is encapsulated in a simple, yet complex formula: ∆
GDP / (Population / (employed + unemployed)). We will further use this formula for all the
three scenarios in order to see the influence of taxation on the evolution of the labor market and
on that of the GDP.
5
Dinga, E., Baltaretu, C., Evaluating the ciclical economic phenomena at world level based on the
marginal productivity of the employed, „Victor Slavescu” Center of Financial and Monetary, Romanian
Academy, Bucharest, 2014.
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In order to run the model, we will adapt the figures in the table below so that they fit the ABM
and the computer is able to simulate the scenarios.
Table 1. Real used in the ABM’s simulations
Explanation
Data
Country
Romania
Year
2012
Number of firms
1.003.390*
Population (data from the 2011 census)
20.121.641**
Medium wage (median for the values of 2012, calculated by the author)
1.548**
Tax on profit (%)
16
VAT
24
Cost of opening a firm (Romanian Leu, author’s estimation with NTRO and )
2000
Fertility rate
1,3**
Note: * NTRO, ** NIS
Source: Author's processing with data from the NTRO, NIS and personal estimations after NTRO and
NIS data

Our dummy market will have the following characteristics:
o
o
o

o

o

o

there will be 10 initial firms that can have as many B-firms as they want if they can pay 55
energy units for each;
the firms will have an initial energy of 215 energy units, while the B-firms will have only
100 energy units.
the firms have a probability of 9% to open B-firms and need an energy level bigger or equal
to 300 energy units. A B-firm will pay a firm 10% of its earnings and will cost a firm 40
energy units when it will exit the market.
the probability for a firm to produce goods is of 16%. For producing goods a firm needs an
energy level of at least 70 energy units. An apple costs a firm 5 energy units when it's
produced and 3 energy units when it exits the NetLogo world, because the firm loses this
“money” for every apple that is produced and isn't sold. With every apple it sales, the firm
earns 7 energy units. The life period of the apples on the market after being produced is of 5
ticks.
the initial number of men that inhabit our model is of 201 and their probability to reproduce
themselves is of 1,3%. Each of them receives 31 energy units when eating an apple and 30
energy units when he gets a one tick job, this energy is the equivalent of the satisfaction a
man has because he is able to eat and to have a job. The firm gains 17 energy units from the
work of a man and pays him for his work with 15 energy units.
each 28th tick every firm pays 40 energy units in rents and taxes, while a B-firm pays 5
energy units.

All this being told, here are our three scenarios and their results:
o
o
o
o

Seed number -8, no change in the input data for the ABM.
Seed number -1, no change in the input data, except the taxes decrease with 10% of their
value.
Seed number 17, no change in the input data, except the taxes increase with 10% of their
value.
After running the first scenario we can see that although the firms and B-firms produced
apples, the men in our ABM preferred to eat plants. This correlated to the fact that there
were few men that were employed by firms or B-firms leads us to the conclusion that, at
least in our ABM, Romania is still a country where people prefer to be self-employed and
consume self-produced goods rather than get jobs. This tells us a little bit about taxation as
well and variables for this can be seen in the Fiscality graph. To come back to taxation, we
can see that every time a firm or B-firm pays the taxes almost the other variables in the
other graphs decrease. All except one – that of “Men eat plants”. The Labour market graph
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shows us that the number of new born men varies between 5 and about 50 men per tick.
The results of the model first scenario simulation can be seen in the picture below:

Fig. 1. The ABM’s first scenario simulation results
Source: Author's processing

Fig. 2. The ABM’s first scenario cyclicality results
Source: Author's processing

o

o

The second picture in this paper shows us that there is a connection between the evolution
of the labour market (marginal productivity of the employed) and that of the economy
(GDP) and that the cycles that appear on the labour market influence the trajectory of the
economic ones.
After running the second scenario we have similar results, the main difference being that in
this simulation we have more firms, but fewer men which explains why there are less
apples produced and less plants eaten. In this scenario we used the same inputs as in the
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first one except the taxes decrease with 10% and the seed number was -1. The results of the
model can be seen in the picture below.

Fig. 3. The ABM’s second scenario simulation results
Source: Author's processing

Fig. 4. The ABM’s second scenario cyclicality results
Source: Author's processing

o

o

Like in the previous scenario, the second one shows as well a correlation between the
cyclicality of the labour market with that of the evolution of the GDP, but here the distance
between the marginal productivity of the employed point and that of the GDP of each
chosen tick is bigger, of about 1250 energy units.
The third scenario was run with the same inputs as in the first and second scenarios except
the taxes increase with 10% and the seed number is 17. Its results are similar to those of the
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previous scenarios except that here there are more B-firms that produce apples, and can be
seen in the picture below.

Fig. 5. The ABM’s third scenario simulation results
Source: Author's processing

Fig. 6. The ABM’s third scenario cyclicality results
Source: Author's processing

o

Like in the previous scenarios, the third one shows there is a correlation between the
cyclicality of the marginal productivity of the employed with that of the GDP, but here the
distance between their points is smaller and it varies between 200 to 700 energy units.
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Conclusions
From the results of all three scenarios we can, to be more exact, from what we can see in the
Apples (produce, sell, eat) we can deduce that the economy in our ABM is one based more on
consuming what one produces in his/her own household, rather than the goods produced by
firms. This can be easily seen thanks to the “Men eat plants” variable in this graph that grows in
the first hundred ticks and maintains a high value all during the three simulations. Other things
that take us to the same conclusion are the fact that there are few men employed during the
simulation of all three scenarios, but because the number of the underage and that of the births
are big (about 4 to 30 births per tick), we can assume that our ABM’s men gain their living and
daily meals in another way and this method can be that o being self-employed. In all three
scenarios taxation has an impact on the firms and on the labour market because the energy units
they pay on taxes takes out of the resources these firms can use to build B-firms, produce goods
or employ men and this can be seen in the graphs, because every decrease of the Populations,
Labour market and Apples (produce, sell, eat) graphs’ variables is correlated to the movements
in the Fiscality graph where we can see the ticks when the firms and B-firms pay taxes. Thus we
can conclude that there is a strong correlation between taxation and the evolution of the labour
market.
The answer to the other question we tried to answer by the simulations we designed and ran, to
be more exact: “Can the labour market evolution offer a prediction perspective over the
economy’s evolution and the cyclicality of its depression and boom periods?” is yes. Yes
because like the three big graphs above show us, Dinga’s and Baltaretu’s the marginal
productivity of the employed does indicate the direction the GDP will evolve and in what
amount because their variation range seems to follow a certain pattern.
Some of the improvements that can be brought to this research in future scientific papers are:
o

o
o

Simulating the same scenario with more seed numbers in order to see what is the
distribution the seen number follows and if it has any correlation to what is modelled in the
ABM.
Simulating a longer period of time in order to see more patterns, but especially the one
between the marginal productivity of the employed and that of the GDP.
Trying to answer the two questions in an open economy ABM, first in one with two
countries and after that in a multi-country ABM.
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